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Endothelial cells of the kidney vasa recta express the urea transporter
HUT11. The cell specific expression of the human urea transporter
HUT11 in human and rat kidneys was investigated by immunochemistry
and in situ hybridization. Using specific rabbit polyclonal antibodies
directed against the N-terminal part and the C-terminal part of HUT11,
we found that endothelial cells of medullary vasa recta (outer and inner
medulla) express HUT1 I. In addition, an HUT11-related protein ex-
pressed by smooth muscle cells of cortical arterioles can be detected by the
anti-HUT11 N-terminal peptide antibody but not the anti-HUT1I C-
terminal peptide antibody. The endothelial expression of HUT11 was
confirmed by double labeling with anti-CD31 and anti-von Willebrand
factor antibodies. No HUT11-positive cells expressed o smooth muscle
actin, Tamm Horsfall protein, cytokeratin 18, or CAM-LI, a marker of the
principal cells of collecting ducts. Medullary vasa recta of developing and
mature rat kidneys were also stained with the anti-HUT1 I C-terminal
peptide antibody. By in situ hybridization using a specific HUT11 35S-
eDNA probe on human kidney sections, medullary vasa recta but not
other renal structures were found to express HUTI 1 mRNA. We conclude
that endothelial cells of medullary vasa recta express HUT11, a specific
urea transporter, which may play a role in urea recycling within the kidney
and in the mechanisms of urinary concentration and urea excretion.
Urea is the principal end product of nitrogen metabolism in
mammals and most of the urea produced is excreted by the kidney
[1]. The facilitated transport of urea through the membranes of
the inner medullary collecting duct (IMCD) epithelial cells plays
a major role in the urinary concentrating mechanism of the
mammalian kidney [2]. Functional studies revealed the existence
of specialized transporters of urea in the tubule segments that are
regulated by vasopressin [2—4]. More recently, two urea transport-
ers have been cloned and sequenced. First, You et at [5] reported
the isolation of a complementary DNA from rabbit renal medulla
that encodes a 397 aminoacid membrane glycoprotein, UT2. By in
situ hybridization on rabbit kidney sections, UT2 mRNA was
localized in the terminal part of the IMCD and the papilla and in
the inner stripe of the outer medulla. The UT2 signal in epithelial
cells lining the IMCD was consistent with the predicted distribu-
tion of the vasopressin-regulated urea transporter [2, 3]. The same
group also reported the cloning and the regulation of expression
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of the rat kidney urea transporter (rUT2) [6]. They showed that
rUT2 mRNA consisted of two transcripts that have spatially
distinct distributions and different regulation, the 4.0 kb transcript
being primarily responsive to changes in the diet protein content
and the 2.9 kb transcript being responsive to changes in the
hydration state of the animal [6]. However, Ashkar et at reported
that the 2.9 kb but not the 4 kb band increased after one week of
low protein diet in the base of rat inner medulla [7]. These authors
also showed that this induced urea transporter was stimulated by
vasopressin and high osmolality.
Second, Olives et al [8] reported cloning and functional expres-
sion of a complementary DNA (HUT11) encoding an urea
transporter isolated from a human bone marrow library. It
encodes a 43 kDa polypeptide of 391 amino acids that exhibits
63% sequence identity with the rabbit urea transporter UT2 and
a similar topology. Interestingly, HUT1I transcripts were identi-
fied in human erythroid and tumorous renal tissues, in contrast
with the rabbit UT2 transporter which was not found in the spleen
of anemic mice and rabbits [51. Furthermore, HUT11 appeared to
be responsible for the facilitated urea transport in human eryth-
rocytes and thus, in contrast with UT2, it could be a vasopressin-
independent urea transporter. More recently, Olives et al dem-
onstrated that HUT1I and the Kidd blood group antigens are
identical and are encoded by the same gene [9].
In the present study, using specific anti-HUT1I antibodies and
a eDNA probe, we report the localization of HUTI I expression in
the normal human kidney by immunohistochemistry and in situ
hybridization. Our results indicate that HUTI 1 is exclusively
expressed in the endothelial cells of the vasa recta in the inner
medulla and the inner part of the outer medulla. A similar
distribution was observed on developing and mature rat kidney
sections.
Methods
Tissues
Normal human kidney was obtained from the normal part of
tumoral kidneys removed surgically (N = 6). Immediately after
harvesting, normal pieces of the kidney were frozen in liquid
nitrogen. They showed normal histology and no tumor invasion by
conventional light microscopy. Rat kidneys were obtained from
Sprague Dawley rats, under anesthesia with pentobarbital, at the
age of one day, six days and one month (N = 3 at each age). The
138
Xu et al: HUTI I expression in kidney vasa recta 139
kidneys were removed, fixed in 4% paraformaldehyde for one to
three hours and frozen in liquid nitrogen until use for immuno-
histochemical studies.
Blood samples and antibodies
Red cell samples from Jk-positive (Jka+b+) and Jk-negative
(Jka—b—) individuals were collected from anticoagulated blood
and used within three days or stored frozen in liquid nitrogen until
used. Specific antibodies against the urea transporter HUT11
were raised in rabbits immunized with synthetic peptides (Neo-
system, Strasbourg, France) derived from the predicted N-termi-
nal (res 8-22) or C-terminal (res 379-391) of HUTII, coupled to
keyhole limpet hemocyanin [8]. The human anti-Jk3 antiserum
was obtained from an immunized Jk(a—b—) individual.
In vitro translation, immunoprecipitation and Western blot assays
The UT2 [5] and HUT1I [81 cDNAs were subcloned into the
EcoRV-digested pT7TS plasmid (provided by P. Krisuch, Austin,
TX, USA) under the control of the T7 promoter and the proteins
were synthetized in vitro using the transcription-translation cou-
pled reticulocyte lysate kit from Promega (Madison, WI, USA) in
the presence of L-[35Sjmethionine (Amersham, Bucks, UK) ac-
cording to the manufacturer's protocol. Each reaction mixture (50
j.d) was incubated at 30°C for 90 minutes and a 5 d aliquot was
directly analyzed by SDS-PAGE followed by autoradiography.
The remainder of the reaction product (45 p.!) was immunopre-
cipitated with a human anti-Jk3 antiserum as previously described
[9]. The different products obtained, were analyzed by SDS-
PAGE (15% separating gel) on a discontinuous buffer system [10]
and followed by autoradiography. For Western blot analysis, red
cell membrane proteins (60 p.g) were separated by SDS-PAGE,
transferred to nitrocellulose membranes and incubated with an-
tibodies as described [111. Specifically bound antibodies were
detected with alkaline phosphatase-labeled goat anti-rabbit IgG
(diluted 1:800) followed by revelation with the alkaline-phos-
phatase conjugate substrate kit (Biorad Laboratories, Rockville
Center, NY, USA).
Double-immunofluorescence studies
Anti-HUTI I antibodies were used at 1:200 dilution for indirect
immunofluorescence using FITC-conjugated goat anti-rabbit lgG
(Vector, Burlingame, CA, USA).
In double staining experiments, monoclonal anti-CD3I anti-
body and anti-von Willebrand factor antibody, specific for endo-
thelial cells, anti-smooth muscle a actin antibodies, anti-cytoker-
atm 18 antibody specific for epithelial cells (Dakopatt, Denmark),
anti-Tamm Horsfall protein antibody specific for the large ascend-
ing limb of the Henle's loop [12] and anti-CAM-LI antibody
specific for principal cells of the collecting duct [13] were also
used. Binding of those antibodies was revealed with Texas-Red
conjugated anti-mouse IgG (Vector).
Cryostat sections (5 p.m) of kidney tissue were fixed in acetone
and incubated with primary antibodies for one hour at room
temperature and then washed and processed as previously de-
scribed [14].
Immunohistochemical studies
On human kidney sections, HUTI I was detected and visualized
by the alkaline phosphatase anti-alkaline phosphatase complex
technique (APAAP) (Dakopatt) according to previously de-
scribed methods [15] with a little modification. Briefly, eryostat
sections (4 /.tm) of human kidneys were post-fixed in acetone for
five minutes. The sections were then incubated overnight at 4°C
with rabbit anti-human C-terminal or N-terminal of HUT11
antibodies at a dilution of 1:800. To reduce non-specific staining,
the antibodies were preincubated first with 5% normal human
serum before being used. After washing in phosphate buffer saline
(PBS), the sections were incubated for 30 minutes at room
temperature with mouse anti-rabbit IgG antibodies (5 p.glml,
Dakopatt) and then with rabbit anti-mouse antibodies (5 jig/mI,
Dakopatt) and followed by APAAP complex (Dakopatt). The
fixation of APAAP complex was visualized with a buffer contain-
ing Naphtol-Fast Red. The slices were counterstained with hema-
toxyl in.
Ciyostat sections (5 jim) of rat kidneys were rinsed in PBS for
five minutes and then boiled in 0.01 M citric acid buffer pH 6
(sodium citrate 0.1 M, citric acid 0.1 M) for 12 minutes using a 700
W microwave oven. The sections were then incubated for two
hours at room temperature with anti-HUT11 antibodies at a
dilution of 1:100 to 1:200. To reduce non-specific binding, the
antibodies were diluted in 2% normal goat serum. After three
washes in PBS, the sections were incubated for 45 minutes at
room temperature with peroxidase-labeled goat anti-rabbit Ig
antibodies (Dako, UK) diluted at 1:50. Peroxidase activity was
detected using 3-amino-9-ethylcarbazole/hydrogen peroxide. The
slices were counterstained with hematoxylin. For both immuno-
fluorescence and immunohistochemistry, the specificity of immu-
nostaining was assessed as follows: (a) preimmune rabbit serum
was substituted for HUT11 antiserum; (b) the first antibody was
omitted and replaced by PBS; (c) the antibody was preincubated
for one hour at 37°C with the C- or N-terminal peptides of
HUT11 at a 1:1,000 or 1:10,000 antigen excess ratio, respectively.
In situ hybridization
In situ hybridization was performed as previously described [15]
using a 35S-labeled HUT! I cDNA probe. The eDNA probe was
labeled by 35S-dCTP incorporation using the random primer
method. Slides were first rinsed in alcohol, dried at room temper-
ature, baked at 180°C for two hours and stored dust-free at room
temperature. The slides were not coated by any product. Eight-
micrometer cryostat tissue sections were cut, placed on slides and
fixed in 4% formaldehyde in PBS for 10 minutes, rinsed in PBS
and then dehydrated in graded alcohols and air-dried. Slides were
stored at —20°C until analyzed (in less than 2 months). Hybrid-
ization was carried out in the mixture containing 0.2 nglpi
35S-laheled HUT11 probe plus 4 >< SSC (NaCI 3 M, trisodium
citrate 0.3 M for 20 x SSC), 1 x Denhart (2% bovine serum
albumin, 2% Ficoll, 2% polyvinylpyrrolidone for 100 X Denhart),
50% desionised formamide, 250 p.g/ml yeast RNA, 500 jig/mi
sonicated salmon sperm DNA, 5% dextran and 100 ms DL-
Dithiothreitol (Dli). After denaturation of the cDNA probe by
heating at 100°C for five minutes, 10 p.1 of hybridization solution
was applied to each section and then the sections were covered by
siliconed coverslips and incubated overnight at 45°C in a moist
chamber. After hybridization, the sections were successively
washed in 40% formamide 4 >< SSC at 45°C, and then 2 X SSC at
60°C, 1 X SSC, 0.5 X SSC and 0.2 X SSC at room temperature for
a total of four hours. The sections were dehydrated in graded
alcohols and air-dried. Then the sections were dipped in 50%
NTB2 emulsion (Kodak) in water and exposed for 14 days at 4°C.
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Fig. 1. Characterization of anti-HUTJ] antibodies. A. Autoradiogram of L-(35S)-methionine-labelcd proteins analyzed by SDS-PAGE. Lanes I and 2,
pT7TS-HUT1 I with and without canine pancreatic microsomal membranes; lanes 3 and 4, pT7TS-UT2 vector with and without microsomal membranes;
lane 5, pT7TS alone; lane 6, plasmid with luciferase (control). B. Autoradiogram of (35S)-labeled proteins HUTI 1 (lanes 7 and 9) and UT2 (lanes 8 and
10) immunoprecipitatcd with the anti-Ntcr and anti-Cter antibodies and analyzed by SDS-PAGE. C. Red cell membrane preparations (60 jxg) from
Jk(a+b+) and Jk(a—b-—) individuals were separated by SDS-PAGE, transferred to nitrocellulose membranes and immunostained with the anti-Nter
(1:400) and anti-Cter (1:200) antisera. Arrows on the left refer to product size (kDa) and those on the right to size markers.
The autoradiographs were developed in Kodak D19 for three
minutes, fixed in Kodak "rapid fix" and counterstained with
hematoxylin. The negative controls were performed by preincu-
bation of the sections with 100 xg/ml rihonuclease A (RNAse) or
incubation without the 35S-laheled HUT1 I probe.
Results
Specificity of antibodies to the human urea transporter HUT]]
The specificity of the antibodies directed against the N- and
C-terminal domains of HUT1 1 was first examined by immunopre-
cipitation of proteins translated in vitro. In the transcription-
translation coupled reticulocyte lysate system, both plasmids
pT7TS-HUTII and -UT2 directed the synthesis of 36 kDa
(unglycosylated) and 40 kDa (glycosylated) protein bands when
carried out in the absence or the presence of canine pancreatic
microsomal membranes, respectively (Fig. 1, lanes 1 to 4). The
translated product from HUT1I (human urea transporter), but
not from UT2 (rabbit urea transporter), could he immunoprecipi-
tated with the anti-N-terminal (Fig. 1, lanes 7, 8) and anti-C-
terminal (Fig. 1, lanes 9, 10) antibodies, thus indicating that these
antibodies specifically react with the HUTI 1 polypeptide chain.
Further evidence for the specificity of these antibodies was
deduced from Western blot analysis showing that both reacted
with diffuse bands of 46 to 60 kDa present in human red cell
membrane preparations from Jk-positive (Jka+b+) but not from
Jk-negative (Jka—b—) individuals (Fig. 1C). Since we demon-
strated previously that the urea transporter of human erythrocytes
is carried by the blood group Jk polypeptides 9J, these findings
conclusively established that the anti-N-terminal and anti-C-
terminal antibodies were directed against the human urea trans-
porter. Our results also indicate that the glycosylated forms of
HUTI 1 are not identical between the in vitro translation system
using canine microsomes and the natural components of human
red cells. Importantly, however, our antibodies were not glycosy-
lation-dependent and reacted with all glycosylated or unglycosy-
lated forms of the HUT1 1 polypeptide.
Immunohistochemical studies on human kidney
As shown in Figure 2, different patterns of staining were
obtained with the antibodies against the N terminal peptide or the
C terminal peptide of HUT11 on cortical kidney section (Fig. 2 A,
B); no structure was stained with the anti-C terminal peptide
antibody, whereas arterial walls were strongly stained with the
anti-N terminal peptide antibody. Mesangial cells appeared neg-
ative with both antibodies. In contrast, with both antibodies, small
rounded or elongated structures limiting a thin lumen were
stained in the outer and the inner medullas of the human kidney
(Fig. 2 C to F). These structures were identified as medullary vasa
recta (see below). In control experiments, no staining was ob-
served if preimniune serum was used or if anti-HUT11 antibodies
were omitted. The staining was completely abolished when the
anti-HUT1 I antibodies were preincubated with the corresponding
peptide (Fig. 1 G, H). Preincubation of the anti-C terminal
peptide antibody with the N-terminal peptide, or vice versa, did
not affect the pattern of staining (not shown). Taken together,
these results suggested that HUT11 is expressed in the medulla of
the human kidney, but not in the cortex where another protein,
having homology with the N-terminal part of HUTI I but not with
the C-terminal part, can be detected.
Double immunofluorescence studies on human kidney sections
To identify HUT11-expressing cells in kidney medulla, we
performed double staining experiments with different antibodies.
As shown in Figure 3 A and B, a colocalization of HUTI 1 and CD
31 was observed indicating that HUT1 1-positive cells were endo-
thelial cells of medullary vasa recta. Similarly a colocalization of
HUTI1 antigen and von Willebrand factor was observed (not
shown) confirming the endothelial expression of HUT11. Inter-
estingly, all HUTII-positive cells were CD 31-positive whereas
some CD 31-positive cells were HUT1I negative. We also found
that HUTI1-positive cells detected with the anti-C terminal
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Fig. 2. Immunohistochemical localization of HUTI / in the normal human kidney (APJIAP method). In the Cortex (A, B), smooth muscle cells of renal
arterioles are stained with the anti-N-terminal (A) but not with the anti-C-terminal antibodies (B). In the outer medulla (C, low magnification; D, high
magnification) both antibodies stained endothelial cells of vasa recta (arrow) but not tubular epithelial cells. In the inner medulla (E, low magnification;
F, high magnification), endothelial cells (arrow) but not epithelial cells, arc also stained with anti-HUT1 I antibodies. Controls (G, H) after saturation
of the anti-N-terminal antibodies with the N-terminal peptide on a cortical section (0), and of the anti-C-terminal antibodies with the C-terminal
peptide on a medullary section (H), are negative. Scale bar: 50 m for A, B, E, G, H; 125 jm for C and 20 jm for D and F.
Fig. 3. Double immunofluorescence studies of HUTJJ in the normal human kidney. HUTI I is detected with the anti-C-terminal peptide antibodies on
medullary sections (A, C, E, G, I). It is colocalized with CD31 antigen, an endothelial cell marker (B, compared to A). Note in B some CD31 positive
cells that are HUTI1 negative in A. HUT1I-positive cells (C) are surrounded by a-smooth muscle actin-positive cells (D). HUTI1 expression is not
colocalized with Tamm Horsfall protein (E compared to F), nor with cytokeratin 18 (G compared to H), nor with CAM-Li (I compared to J). Scale
bar: 20 rm for all the photographs except C and D, where the bar corresponds to 10 m.
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Fig. 4. In situ hybridization on human medulla,y kidney sections with the RUTh eDNA probe. The HUTI I mRNA is detected in both the outer (A, B,
C) and the inner medulla (D, E, F). Endothelial cells of vasa recta (arrows) contain HUTII mRNA whereas tubular epithelial cells do not at low (A
and D) and high magnification (B and E). C and F are dark-field pictures of the bright-field pictures shown in B and E, respectively. Scale bar: 20 zm
for all the photographs except for D, where the bar corresponds to 50 /xm.
peptide antibody were distinct from the pericapillary cells express-
ing smooth muscle cell alpha actin and corresponding to pericytes
(Fig. 3 C, D).
To exclude an extra-endothelial expression of HUTI 1, double
staining experiments were also performed with anti-Tamm Hors-
fall, anti-cytokeratin 18, anti-CAM-Li and anti-HUTI 1 antibod-
ies. As shown in Figure 3, the distribution of HUTI I was always
distinct from that of Tamm Horsfall protein, cytokeratin or
CAM-LI.
In situ hybridization
A pattern of distribution of HUTI 1 mRNA similar to that of
HUT11 antigen was demonstrated by in situ hybridization on
human kidney sections as shown in Figure 4. No signal was
detected in the cortex (not shown), whereas an intense signal was
found in the medulla on rounded or elongated structures that
limited small lumens and that may thus correspond to vasa recta.
This staining was not observed if kidney sections were pretreated
with RNAse or if the labeled probe was omitted.
Immunohistochemical studies in rat kidney
As some homologies were reported between the rabbit, rat and
human urea transporters as yet to be characterized [5, 6, 81, we
also used anti-HUT 11 antibodies on rat kidney sections. We
found that vasa recta were stained with the anti-C terminal
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Fig. 5. Immunohistochemical studies of normal rat kidney with anti-HUT]] antibodies (peroxidase method). A low (A, C, E) and a high (B, D, F)
magnification arc shown for each day studied. B and D are enlargements of the areas delimited by rectangles in A and C, respectively. At one postnatal
day (A, B), medullary vasa recta were specifically stained (arrowheads). Staining of proximal tubules in the cortex and the outer stripe of the outer
medulla (A) was not specific (see text for details). No staining was observed in the nephrogenic zone located in superficial cortex. At six days (C, D)
and 30 days (E, F), the specific staining of vasa recta extended from the papilla (D, arrowheads) to the inner stripe of the outer medulla (F). G and
H show transversal sections of the vasa recta in a 6-day kidney. Staining of vasa recta (G) was completely suppressed when the antibody was preincubated
with a 1000 molar excess of HUTI1 C-terminal peptide (H). The scale bar corresponds to 5 jm (G, H), 10 jm (B, D, F), 25 jm (A, E) or 70 /.rm (C).
peptide antibody (Fig. 5 A-G) but not with the anti-N terminal
peptide antibody (not shown). Taking advantage of this cross-
reactivity, we analyzed the kidney distribution of the HUT11-like
protein in the rat kidney at one day, six days and 30 days after
birth. The staining pattern was the same at these three dates.
At one post-natal day, we observed a specific staining limited to
the vasa recta (Fig. 5 A, B). A nonspecific signal was encountered
in the cortex, particularly in proximal tubules (Fig. 5B), but this
signal was still observed when the antibody was saturated with a
1000 molar excess of HUT11 C-terminal peptide (data not
shown). This nonspecific staining was presumably due to the high
amount of peroxisomes in proximal tubules. The nephrogenic
zone in superficial cortex was negative. At six days and 30 days, a
specific staining was detected in the endothelial cells of the vasa
recta from the inner stripe of the outer medulla (Fig. SF) to the
papilla (Fig. 5D). This staining was completely suppressed when
the antibody was preincubated with a 1000 molar excess of
HUTI 1 C-terminal peptide (Fig. 5 G, H).
Discussion
We have studied the expression of a recently cloned human
erythrocyte urea transporter (HUTT11) in the human kidney by
in situ hybridization with the cloned cDNA probe [8] and by
immunohistochemistry with antibodies raised against the N-ter-
minal and C-terminal domains of HUTI 1. The specificity of these
antibodies was demonstrated by immunoprecipitation in coupled
transcription-translation of the HUT11 eDNA and by Western
blot analysis with membrane preparations from normal red cells
as well as from red cells of individuals deficient for the HUT11/Jk
blood group polypeptide.
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We demonstrate here that HUT11 is expressed by endothelial
cells of vasa recta in the human kidney medulla. The local
synthesis of HUT] 1 in these cells has been confirmed by in situ
hybridization studies. Epithelial cells of the renal tubules, inter-
stitial cells, and glomerular cells do not express HUT] 1. Interest-
ingly, a HUT11-related molecule could be detected in vascular
smooth muscle cells of renal arteries and arterioles with antibod-
ies directed against the N-terminal part of HUT11, whereas it
could not be detected with antibodies directed against its C-
terminal part. This suggests that HUT11, UT2 and rUT2 and
other proteins, yet to be characterized, may belong to a family of
urea transporters with distinct cellular distributions and functions
as is now well established for phosphate transporters [161 and
water channels [17].
The distribution of HUT11 in the human kidney is different
from that of UT2 in the rabbit [51 or rUT2 in the rat kidney [61.
UT2 mRNA has been localized by Northern analysis performed
on rabbit and rat tissues and by in situ hybridization. In both
species, two transcripts have been identified and localized in
epithelial cells of the IMCD. This localization is consistent with
the predicted distribution of the vasopressin-regulated urea trans-
porter [2—4, 18]. However, both in the rabbit and the rat kidney,
UT2 transcripts were also detected in the outer medulla, but in
the absence of immunohistochemical studies, it is not possible to
determine whether UT2 is expressed in descending vasa recta
and/or thin descending limbs of short loops of Henle.
The expression of HUTI I in endothelial cells of medullary vasa
recta in the human kidney is compatible with the findings of
Pallonc et al [19, 20], who reported phioretin-sensitive urea
transport in descending vasa recta of the rat kidney outer medulla.
These authors dissected and perfused outer medullary vasa recta
from vascular bundles in the rat. Electron microscopic examina-
tion of these in vitro perfused vasa recta revealed no fenestration
and exposure of these vessels to angiotensin II resulted in
reversible contraction, suggesting that they were descending hut
not ascending vasa recta [21]. Pallonc et al [19, 20] further showed
that the microperfused descending vasa recta of the outer medulla
exhibited low to moderate permeability to 22Na but had an
extremely high permeability to urea, corresponding to a facilitated
diffusion. However, in contrast to these functional studies, our
results indicate that both in the human and the rat kidney, inner
medullary vasa recta also express HUTI 1. This discrepancy may
be related to a low level of HUT1 1 expression in the inner
medulla that cannot be demonstrated by functional analysis. Our
study also shows that some medullary vasa recta identified by
double staining with anti-CD31 or anti-von Willebrand factor
antibodies do not express HUT1 I antigen, and that some but not
all HUT11-positive endothelial cells are surrounded by smooth
muscle alpha actin-positive cells. Taken together, these results
suggest that most, but not all, descending and ascending vasa recta
express HUTI 1. We cannot exclude that endothelial cells of the
outer medulla vasa recta also express another UT2-like urea
transporter, but specific antibodies will he necessary to answer this
question.
In addition, a HUT1 1-like molecule is expressed in the medul-
lary vasa recta of the rat kidney. It is likely that this molecule is the
corresponding HUT11 urea transporter. Its distribution is quite
different from that of rUT2 [6], further supporting the hypothesis
of different urea transporters with specific distribution and func-
tion within the kidney. The rat model also allows ontogenic
studies on urea transporters since a nephrogenic zone persists in
the superficial cortex in the first days of life. Our results indicate
that this transporter is not detected in the nephrogenic zone but
is expressed as early as day one after birth in its definitive location,
that is, the medullary vasa recta.
HUT11 is expressed in erythrocytes in which a facilitated urea
transport, inhibitahie by phloretin, p-chloromercuribenzene sul-
fonate and urea analogs, has been described [22]. It has been
recently shown that the HUTI I protein is identical to the Kidd
blood group antigens [9]. Although Jk(a—b—) individuals whose
erythrocytes lack Kidd antigens do not exhibit a severe clinical
syndrome, recent investigations have shown that these patients
have impaired urea recycling and a reduced concentrating ability
[23]. Whether these patients also have a defect in HUTI I
expression by the endothelial cells of the medullaty vasa recta
remains to be demonstrated. Whereas urea transport by UT2 is
under the control of antidiuretic hormone and protein diet [6, 7],
the red blood cell urea transport appears to be constitutive and
not regulated. It is therefore likely, but not proven, that the urea
transport in vasa recta due to HUT11 is also constitutive. What-
ever the regulation of its expression, urea transport in vasa recta
is known to play an important role in urea recycling within the
kidney and, in turn, to participate to the urinary concentrating
mechanism and urea excretion [241. Our results suggest that
HUTI I is one, if not the unique, urea transporter of endothelial
cells of medullary vasa recta.
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